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Preface

The report herein lists the standard operating procedures used during
Phase III of the Richard B. Russell (RBR) project. This phase of testing
evaluated fish entrainment and fish mortality during capacity operation of the
project. The report was prepared for the U.S. Army Engineer District, Savannah.
The RBR Project Manager was Mr. Bill Lynch.

These procedures were compiled by Mr. Dennis L. Brandon, Fate and Effects
Branch (FEB), Environmental Processes and Effects Division (EPED),
Environmental Laboratory (EL), U.S. Army Engineer Waterways Experiment
Station (WES), and Dr. John M. Nestler, Water Quality and Contaminant
Modeling Branch (WQCMB), EPED. Technical reviews by Mr. Steve Ashby,
Ecosystem Processes and Effects Branch (EPEB), EPED; Dr. John Hains, EPEB;
and Ms. Toni Schneider, WQCMB, are gratefully acknowledged. Additional
reviews were performed by technical representatives from the Savannah District,
U.S. Fish and Wildlife Service, South Carolina Department of Natural
Resources, and Game and Fish Division of the Georgian Department of Natural
Resources.

The work was conducted under the general supervision of Dr. Bobby L.
Folsom, Jr., Chief, FEB; Dr. Mark S. Dortch, Chief, WQCMB; Dr. Richard E.
Price, Chief, EPED; and Dr. John Harrison, Director, EL.

At the time of publication of this report, Dr. Robert W. Whalin was Director
of WES.

This report should be cited as follows:

Brandon, D. L., and Nestler, J. M., compilers. (1997). “Standard
operating procedures for collection and handling of Phase III testing
and monitoring data, Richard B. Russell Dam,” Miscellaneous Paper
EL-97-5, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS.

The contents of this report are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitute an
official endorsement or approval of the use of such commercial products.
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Conversion Factors, Non-Si
to Sl Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units as

follows:
Multiply By To Obtain
feet 0.3048 meters
gallons (U.S. liquid) 3.785412 liters
inches 2.54 centimeters




1 Introduction’

The U.S. Army Engineer District, Savannah, manages and develops water
resources on the Savannah River. Richard B. Russell (RBR) Dam and Lake is
the most recent Savannah River impoundment. The RBR dam has four
conventional turbines and four reversible turbines (Figure 1). The reversible
turbines can be used to replenish upstream storage for peak generation needs.
Fish entrainment during pump storage is the primary environmental concern with
this operation. Detailed fisheries studies have been conducted at RBR. During
coordination of the RBR studies, the Savannah District made four commitments
regarding the operation of the reversible turbines to protect the J. Strom
Thurmond (JST) Lake fishery: (a) initial testing of the reversible turbines would
not be conducted until a period of minimum fish activity in the tailrace; (b) the
reversible turbines would not be made available for dependable commercial
power production until the District is satisfied that the turbines could be operated
in an environmentally acceptable manner; (c) any fish protection procedures
needed to minimize fish entrainment associated with pump storage operations
would be implemented before the turbines were made available for commercial
power production; (d) post pump storage monitoring would be conducted to
determine the impacts of entrainment on the JST Lake fishery. 2

The Savannah District evaluated an array of alternative action plans. The
preferred plan included (a) the installation of a high-frequency sound and light
fish protection system at RBR prior to operation of the reversible turbines,

(b) phased operation of the four reversible turbines to be brought into operation
in an environmentally acceptable manner, (c) monitoring to evaluate the
effective-ness of the light fish protection and the impact of entrainment on the
JST Lake fishery.? A Testing and Monitoring Plan was developed that addressed
fish entrainment as well as other environmental concerns. This plan was jointly
developed by the Savannah District and the U.S. Army Engineer Waterways
Experiment Station (WES) in consultation with various Federal and State
agencies (e.g., U.S. Fish and Wildlife, South Carolina Wildlife and Marine

! Dennis L. Brandon and John M. Nestler, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS.

2 U.S. Army Corps of Engineers. (1991). “Final supplement to final Environmental Impact
Statement pump storage Richard B. Russell Dam and Lake Georgia and South Carolina,”

U.S. Army Engineer District, Savannah, Savannah, GA.
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Resources Department, South Carolina Department of Health and Environmental
Control, Game and Fish Division of the Georgia Department of Natural
Resources). This plan includes detailed fishery and water quality studies. The
fish entrainment studies were implemented in three phases. Phase I was the time
period required to mechanically and electrically certify each reversible turbine
for commercial operation. The major objective of Phase II was to evaluate fish
passage and mortality while running one or more of the reversible turbines in
pumpback mode. Another major objective was to obtain acceptable correlations
between recovery net catches and the data obtained with fixed aspect
hydroacoustic fish monitoring equipment. Ploskey et al. summarized the results
of Phase Il sampling.! Phase III testing evaluated fish entrainment and fish
mortality during capacity operation of the RBR project.* This document is a
compilation of the Standard Operating Procedures used in Phase III Testing.

1 Ploskey, G. R., Weeks, G., Scherck, S., Schilt, C., Johnson, P. and Nestler, J. M. (1995).
“Richard B. Russell Phase II completion report: Impacts of two-unit pumpback operation,” Draft
Report, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.

2 U.S. Army Corps of Engineers. (1992). “Testing and monitoring plan pumped storage
operations Richard B. Russell Dam and Lake,” U.S. Army Engineer District, Savannah, Savannah,
GA.
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2 Protocol and Procedures
for Conventional
Generation Netting: Part 1’

Introduction

The following protocols represent the most current procedures followed by
AScI/WES personnel in preparation for and during a Unit 5 netted generation
test. Netted generation tests are performed using two sock nets that together
cover both draft tube openings on Unit 5. These tests are designed to use netted
recovery and hydroacoustic monitoring to estimate entrainment during operation
of pump turbines in the conventional generating mode. The focus of this chapter
will be on the netting operations and test coordination. Specifics related to
hydroacoustic sampling, induction procedures, data recording, and data analyses
are covered in appropriate chapters elsewhere in this report. It should be noted
that these procedures represent the current state of the art and are subject to and
likely to be modified and improved during the course of testing.

Procedures

Pretest arrangements

A testing schedule will be provided by the area engineer. The area engineer
will contact the net-handling contractor and make arrangements to attach the
downstream generation nets. The nets are typically removed from the dam
between test series; however, they can be hung in a storage position on the dam
if a number of test series are to be conducted in a short time period.

If the nets are not in the hanging storage position on the dam, the net-handling <1
contractor will attach the nets to the Unit 5 trash racks before the test. Ideally,
the nets will be attached to the trash rack at least 1 day prior to the test, but

! Patrick C. Pierce, AScl Corporation, Trotter Shoals Research Facility, Calhoun Falls, SC.
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attachment of the nets immediately prior to a test is possible if scheduling does
not permit earlier attachment. AScI/WES personnel will be onsite in an
appropriate vessel to support the net-handling contractor during net attachment.
The nets are attached directly to the Unit 5 trash racks by tying with nylon web
straps at the terminus of the side riblines of the net and with heavy duty cotton
rope at numerous locations across the top and bottom of the nets. ASCI/WES
personnel will inspect the net for tears and make arrangements for any repairs
that may be necessary. Also, AScI/WES personnel will verify that the cod ends
of the nets are properly secured prior to the beginning of testing.

The University of Georgia-Athens (UGA) Cooperative Fisheries and Wildlife
Research Unit (Co-op Unit) inducts fish during netted generation tests for net
calibration purposes. AScl/WES personnel will set up the induction system prior
to a test. The weighted induction hose is lowered into position at the mouth of
the Unit 5 penstock from the water level platform at Unit 5 in the forebay.
AScI/WES and the UGA Co-op Unit will coordinate to ensure that a supply of
fish is available and ready for induction.

Net deployment

General configuration. The nets are deployed with trash racks in the up
position. The Georgia side is deployed first, followed by the South Carolina side
net. The line from the Georgia side net runs to the buoyed cable line, and the
line from the South Carolina side net attaches to the Georgia line at a shackle
beyond the terminus of the Georgia side net to form a “Y” configuration.

Procedure. ASCL/WES personnel, using an appropriate vessel, will shackle
the Georgia side line to the Georgia side net and begin pulling the net away from
the dam. The net-handling contractor will release the hanging net from the dam
in sections. While the ASCI/WES vessel maintains tension on the net, the net-
handling contractor will straighten the net. Once the net is fully deployed from
the dam, the ASC/WES boat will deploy the remainder of the Georgia line and
attach the end of the line to the buoyed cable line using a G-hook and flat link
attachment. Slack in the Georgia line is removed by hand.

The South Carolina side net is deployed and straightened in the same manner
as was the Georgia side net. Once the South Carolina side net is straightened,
the South Carolina side line is deployed from the ASCI/WES vessel and attached
to the Georgia side line at a point between the buoyed cable line and the Georgia
side net where a shackled link occurs in the Georgia side line. All shackles at
attachment points are tightened using pliers. Flotation buoys attached to the
sides of the nets are inflated if necessary using a specially designed pump or can
be removed and inflated using the air compressor located in the maintenance
shop at the dam. The net-handling contractor then lowers the trash racks to
begin the test.

Chapter 2 Protocol and Procedures for Conventional Generation Netting: Part 1 5




Hydroacoustics

Hydroacoustic monitoring of entrainment is conducted during netted
generation tests as described in Chapter 14 of this report. All eight transducer
mounts are completely lowered before starting the hydroacoustic system. A data
handling check sheet is described in Chapters 14 and 16.

Generation

Once the generation has begun, AScI/WES personnel will monitor the
performance of both the hydroacoustic system and the nets. The UGA Co-op
Unit will perform inductions for net calibrations as described in Chapter 12.
AScI/WES personnel will be available to assist the UGA Co-op Unit with
inductions if necessary.

Fishing the nets

Once generation has ended and on-the-water clearance has been granted by
the dam operator, the net-handling contractor will raise the trash racks.
AScI/WES personnel will unshackle the South Carolina side net line from the
Georgia side line and pull the net into a position where the net-handling
contractor can begin lifting the net in sections back into the storage position on
the face of the dam. As the net contractor lifts the net, workers stationed on the
net contractor's barge will shake fish toward the cod end of the net and remove
any gilled fish from the net. Once the net is completely retrieved, ASC/WES
personnel will open the cod end of the net and remove the captured fish. The
fish will then be transferred to the UGA Co-op Unit for enumeration. AScI/WES
personnel will secure the cod end of the net and inspect the condition of the net
at this time. This procedure is then repeated for the Georgia side net.

Post test

AScI/WES personnel will secure hydroacoustic data and distribute as
described in Chapter 16 of this report. All vessels will be removed from the
tailrace or secured to the floating platform. AScI/WES personnel will coordinate
with the area engineer’s office to make any necessary repairs.

Chapter 2 Protocol and Procedures for Conventional Generation Netting: Part 1




3 Protocol and Procedures
for Conventional
Generation Netting: Part 2’

Introduction

Conventional generation netting is used to estimate fish entrainment during
generation operation. Each draft tube is separated into two bays by a wall. A
sock net is connected to the trash rack in each bay, completely covering the two
bays. Each net is 200 ft* long and tapers to a close at the cod end, where it is

cinched. Fish can be collected only after the unit has been shut down and the
nets have been pulled in.

Objective

The objective is to determine the species composition, length distribution, and
numbers of fish passing through a turbine.

Methods

Pretest inventory and setup

Prior to the test it is necessary to make sure the following list of equipment is
available and in working order at the dam for the test.

o Large fish tubs.

o  Gallon buckets.

I Mark A. Weiland, Georgia Cooperative Fisheries and Wildlife Reserach Unit, D. B. Wamell
School of Forest Resources, University of Georgia, Athens, GA.
2 A wable of factors for converting non-SI units to SI units is presented on page vi.
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* Life jackets.

*  Hard hats.

* Data sheets.

e Calibration data sheets.

* Log book.

*  Measuring board (at dam).
* Hanging scale (at dam).

* Balance scale (at dam).

* Dyes and scissors (at dam).

¢  Frozen fish (at dam).

The UGA Co-op Unit workers will arrive at the dam at least 30 min before
the scheduled beginning of the generation test to set up the induction system,
ensure that it is operational, and ensure that the hoses have been installed
properly. The induction hose will be placed by WES employees prior to the test.
Fish will be thawed and marked with a clip and dyed for net calibration (see
Chapter 12, Protocol for Induction Systems and Net Calibration). Species, fish
length, marking, and number of fish to be inducted will be recorded on the
calibration data sheet (Appendix 3-1, this chapter). Fish species are determined
using a fish guide.’

“Conventional” will be marked for the net calibration at the top of the
calibration data sheet (Appendix 3-1, this chapter). The start and end date for the
test, who collected the data, units operating during the test, and unit fished (unit
with nets attached) are entered. After the test the exact start and end time for the
test will be received from the dam operator and written on the sheet. If more
than one page is needed for a test, a second data sheet will be used and page
numbers added to the sheets. “Test number” will be recorded on the data sheet
after it has been returned to UGA. Each test will receive a code and will be
recorded on all data for the test (Chapter 12, Protocol for Induction Systems and
Net Calibration).

During conventional generation test

Marked fish of at least one species will be inducted about 30 min into each
test for net calibration. Inducted fish will be divided by species and size group

! Page, L. M., and Brooks, M. B. (1991). A Jield guide to freshwater fishes: North America north
of Mexico. Houghton Mifflin, Boston.
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due to differences in net efficiency for different species and size groups.
Between 20 and 40 fish of at least one species will be inducted (if large fish
>6 in., 20-25 fish). Fish will be inducted in standard length groups for all
species (Chapter 12, Protocol for Induction Systems and Net Calibration).

A second set of fish will be inducted with about 30 min left in the test. A
third set of fish will be inducted if the test is longer than 2 br.

After unit shutdown

After the unit being fished (unit with nets attached) has been shut down, a tub
will be lowered to the barge where the net has been retrieved. Fish from the two
nets will be collected in separate tubs and data compiled from each net
separately.

Data will be recorded on separate data sheets for each net. The date, unit
number, side of unit sampled (GA or SC), test number, start time, and end time
will be recorded on each data sheet for the test. Species code, sample code, and
fish length will be recorded (Appendix 3-2, this chapter) for individual fish. If
high entrainment occurs, a subsample of the abundant species will be measured
for lengths, a weight taken of the subsample, and a bulk weight will be recorded
for the rest of the sample for that species (see Chapter 11, Protocol for Entrain-
ment Monitoring Procedures, for subsampling fish and an explanation of the data
sheet). The number of marked fish captured is recorded on the calibration data
sheet for each net. See Appendix 3-3, 3-4, and 3-5 (this chapter) for completed
calibration and entrainment data sheets.

Most species of entrained fish will be saved and frozen for use as marked fish
in later tests. Large fish (i.e., carp, striped bass, and hybrid bass) will not be
saved since they will not pass through the induction system. Blueback herring
and threadfin shad will not be saved because they do not preserve well. Unless
fish are saved for calibration purposes, fish will be disposed of at a designated
site specified by the RBR area engineer.

Post conventional generation net testing

After the fish have been counted and the work area is cleaned up, the trash
rack will be raised and the induction hose removed.

The number of fish entrained, by species, is recorded on a data sheet provided
by the Corps of Engineers (COE) supervisor for their use; total numbers are
provided by species but are not divided by size group. If bulk weight of the fish
was determined, an estimate of fish entrainment will be provided. The bulk
weighing process is described in Chapter 11. The exact start and end times will
be received from the dam operator. These times are included in Appendix 16-2
(Chapter 16).
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Data sheets will be returned to the Co-op Unit at the University of Georgia
following testing or will be faxed from Trotter Shoals Research Laboratory to
UGA within 12 hr of the test and a cover sheet attached and filled out
(Appendix 3-6, this chapter). (Original data sheets will be returned to UGA as
soon as possible). See Chapter 13, Protocol of Data Management for Netted Fish
(Includes Expansion), for use of collected data.
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Appendix 3-1. Calibration Data Sheet
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4 Protocol and Procedures
for Slot Net Pump Test
(Fyke Net): Part 1

Introduction

The following represents the procedures followed by AScI/WES personnel
during slot or “fyke” net tests. Slot net tests are used in conjunction with
hydroacoustic monitoring to estimate entrainment during pump mode operations.
The slot net is inserted into one draft tube of a pump unit by lowering with the
draft tube deck crane. The slot net consists of a large rectangular steel frame
from which four nearly identical, lined, sock nets are hung (Figure 2). The focus
of this chapter will be on the netting operations and test coordination. Protocols
for data handling (Chapter 15) and hydroacoustic system operation (Chapter 14)
are also covered.

Procedures

Pretest arrangements

The area engineer will provide a schedule of expected testing times and make
arrangements with the net-handling contractor to place the net frame at the
appropriate unit. AScI/WES personnel will notify the area engineer as to which
draft tube of the unit should be sampled. Sampling effort is split 50 percent on
Georgia side draft tubes and 50 percent on South Carolina side draft tubes.
AScI/WES personnel will inspect the nets for tears and ensure that the cod ends
are properly tied before testing begins.

The UGA Co-op Unit will induct fish for net calibration monitoring during
the slot net tests. AScI/WES personnel will set up the induction system, and

! Patrick C. Pierce, AScl Corporation, Trotter Shoals Research Facility, Calhoun Falls, SC.
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with the assistance of the net-handling contractor, attach the induction hose to the
center of the trash rack prior to testing. Also, the UGA Co-op Unit will test for
losses caused by unit blow back at shut down.

Ascl/WES personnel will activate the ultrasonic fish deterrent system at least
1 hr before pumping begins and verify that fish-attracting lights have been turned
on at least 1 hr before pumping.

The net-handling contractor will lower the net into testing position just prior
to pump start and after the dam operator has pressurized the unit for start-up.

Hydroacoustics

Hydroacoustic monitoring of entrainment is conducted during slot net tests as
described in Chapter 14. The four downstream transducer mounts are lowered
into the water before activating the hydroacoustic system. A data handling check
sheet (seec Appendix 14-1, Chapter 14) is completed as described in Chapters 14
and 16.

Pumping

Once pumping has begun, AScI/WES personnel will monitor the performance
of the hydroacoustic system. If a high entrainment event is observed with
hydroacoustics, an unscheduled shutdown of the pump unit may be used to
prevent overloading and tearing the slot nets. ASCI/WES personnel will also be
available to assist the UGA Co-op Unit with fish inductions if necessary.

Fishing the nets

Once pumping has ceased and the unit has been valved down, the net-
handling contractor will raise the slot net frame to the draft tube deck. The net-
handling contractor will then lift the individual nets and shake the captured fish
either to the cod end or to the mouth of the net. Care is taken to not lose fish
through the larger web at the mouth of the net. AScI/WES personnel will collect
the fish from the mouth of the net and the cod end and place them into a bucket.
A unique bucket is used for each of the four nets to allow data to be analyzed by
quadrant. Once all fish have been removed from an individual net, the fish are
transferred to the UGA Co-op Unit for enumeration. AScI/WES personnel
secure the cod ends of the nets for future tests and inspect the nets for damage.
At their discretion, AScI/WES personnel may attempt minor or temporary repairs
between sampling runs. Large tears often require the postponement of additional
tests until repairs can be made.
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Post test

Ascl/WES personnel will secure hydroacoustic data and distribute as
described in Chapter 16 of this report. All vessels will be removed from the
tailrace or secured to the floating platform. AScI/WES personnel will coordinate

with the area engineer’s office to make any necessary repairs.
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5 Protocol and Procedures
for Slot Net Pump Test
(Fyke Net): Part 2’

Introduction

The draft tube fyke net is one of two methods used to estimate fish
entrainment during a pumpback operation (see Chapter 7, Protocol for Unit 5
Full Recovery Net Pump Test: Part 2, for the other type of pumpback netting).
The fyke net spans half of a pumpback unit, sampling one of the two draft tube
bays and collects fish before they pass through the turbine. The net system
consists of a frame that can be raised and lowered in a gate slot on the draft tube
deck of the dam. The frame supports four nets each measuring approximately
15 ft wide by 10 ft high and extends into the draft tube about 20 ft from the
frame (Figure 2). The cod end of each net is cinched with rope and is untied
after a net test to remove fish. The fyke net can be fished in either side of any of
the four pumpback units. Fish can be collected only after the unit has been shut
down and the net has been raised.

Objective

The objective is to determine species composition, length distribution, and
numbers of fishes passing through a turbine unit.

! Mark A. Weiland, Georgia Cooperative Fisheries and Wildlife Research Unit, D. B. Warnell
School of Forest Resources, Univeristy of Georgia, Athens, GA.
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Methods

Pretest inventory and setup

Prior to the test it is necessary to make sure the following list of equipment is
available and in working order at the dam for the test.

» Large fish tubs.

¢ Gallon buckets.

« Life jackets.

e Hard hats.

* Data sheets.

» Calibration data sheets.

« Logbook.

e Paper bags, string (at dam).

e Measuring board (at dam).

» Hanging scale (at dam).

« Balance scale (at dam).

e Dyes and scissors (at dam).

» Frozen fish (at dam).
Note: A sufficient supply of data sheets, paper bags, dye, etc., will be kept on
hand at all times. Enough supplies will be available at any one time for at least
six tests.

UGA Co-op Unit workers will arrive at the dam at least 1 hr prior to the
scheduled beginning of the fyke net test to set up the induction system, help
Valley Construction workers install induction hoses properly, and ensure that the

pump is operational and primed (see Protocol for Induction Systems and Net
Calibration).

Phony fish will be used for the bag test. Color, length, marking, and which
quadrant where the phony fish are attached will be recorded on the calibration
data sheet (Appendix 3-1, Chapter 3). At least 10 phony fish of the same color
and clip mark will be placed inside a paper bag and tied inside of each of the four
panels of the fyke net to monitor the occurrence of net blowback during unit
shutdown, and to estimate fish loss due to blowback if it occurs.

Chapter 5 Protocol and Procedures for Slot Net Pump Test: Part 2 25




During fyke net test

Fish will be fin clipped and dyed for net calibration. On the calibration data
sheet (Appendix 3-1, Chapter 3), the number of fish inducted, species, length
range, mark, and time inducted will be recorded. “Fyke Net” will be checked for
the net calibration at the top of the calibration data sheet. The start and end date
for the test, who collected the data, units operating during the test, and unit and
side fished (unit and side the fyke net is in) are entered. After the test the exact
start and end time for the test will be received from the dam operator and written
on the sheet. If more than one page is needed for a test, a second data sheet will
be used and page numbers added to the sheets. “Test number” will be recorded
on the data sheet after it has been returned to UGA. Each test will receive a code
and will be recorded on all data for the test. Marked fish of at least one species
will be inducted during each test for net calibration. Fish species are determined
using a fish guide.' Inducted fish will be divided by species and size group due
to differences in net efficiency of different species and size groups. Between 20
and 40 fish of at least one species will be inducted (if large fish >6 in., 20-25 fish
will suffice). Fish will be inducted in standard length groups (see Chapter 12,
Protocol for Induction Systems and Net Calibration).

A second set of fish will be inducted later in the test if a single test is longer
than 2 hr.

After unit shutdown

After the netted unit has been shut down, tubs will be provided to transport
entrained fish. Fish will be kept separate for each of the four quadrants and data

compiled for each quadrant separately.

Data will be recorded on a separate data sheet for each quadrant. The date,
unit number, test number, start time, end time, side of unit sampled (GA or SC),
and quadrant sampled (upper GA, lower GA, upper SC, or lower SC) will be
recorded on each data sheet for the test. For individual fish, species code, sample
code, and fish length will be recorded (Appendix 3-2, Chapter 3). If high
entrainment occurs, a subsample of the abundant species will be measured for
lengths, a weight taken of the subsample, and a bulk weight will be recorded for
the rest of the sample for that species (see Chapter 11, Protocol for Entrainment
Monitoring Procedures). The number of marked fish captured is recorded on the
calibration data sheet for each net. See Appendixes 5-1 and 5-2 (this chapter) for
examples of completed calibration and entrainment data sheets.

Most species of entrained fish will be saved and frozen for use as marked fish
in later tests. Large fish (i.e., carp, striped bass, and hybrid bass) will not be
saved since they will not pass through the induction system. Blueback herring

! Page, L. M., and Brooks, M., B. (1991). A field guide to Jreshwater fishes: North America
north of Mexico. Houghton Mifflin, Boston.
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and threadfin shad will not be saved because they do not thaw well after being
frozen.

Numbers of fish floating in the slot from which the nets were pulled will be
counted or estimated by UGA Co-op workers and recorded on the calibration
data sheet. These fish occur normally from blowback or fall from the net during
removal.

If there is another test, attach bagged fish to the net before the net is lowered
into the slot, and UGA will repeat the above procedure.

Post fyke net testing

After the fish have been counted, the work area will be cleaned up and help
given to Valley Construction to pull and store induction hoses. Impinged fish
removed from the trash rack by WES employees will be speciated and measured
by UGA Co-op workers. These data are included in the proper space on the
calibration data sheet. Unless fish are saved for calibration purposes, fish will be
disposed of at a designated site specified by the RBR area engineer.

The number of fish entrained, by species, will be recorded on a data sheet
provided by the COE supervisor. If bulk weighing of the fish was done, an
estimate of entrainment will be provided. The exact start and end time for the
tests will be received from the dam operator.

Data sheets will be returned to the Co-op Unit at the University of Georgia
following testing or faxed from Trotter Shoals Research Laboratory to UGA
within 12 hr of the test (original data sheets will be returned to UGA at the
soonest possible time and a cover sheet added (Appendix 5-3, this chapter). Data
will then be entered and analyzed following procedures in Chapter 13, Protocol
of Data Management for Netted Fish (Includes Expansion).
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6 Protocol for Unit 5 Full
Recovery Net Pump Tests:
Part 1’

Introduction

The following represents the procedures followed by AScI/WES personnel
during Unit 5 full recovery net pump tests. The upstream full recovery net
samples penstock outflow on Unit 5 and allows for real-time data analysis since
fish are continually collected at a barge at the cod end of the net (Figure 3).
These tests are in support of the UGA Co-op Unit mortality studies. The focus
of this chapter will be on netting and test coordination. Hydroacoustic operation
(Chapter 15), data handling (Chapter 14), and mortality testing protocols
(Chapter 9) are also covered.

Procedures
Pretest arrangements

Test coordination and induction systems. The area engineer will provide a
schedule of expected testing times and make arrangements with the net-handling
contractor to be available to assist with barge connection and net deployment.
The UGA Co-op Unit will induct fish for net calibrations and mortality testing
during Unit 5 full recovery net tests. AScI/WES personnel will set up the
induction system and verify that it is operational. Two induction systems are
typically used during Unit 5 generation tests. The penstock induction hose is tied
to the full recovery net frame during net deployment. The draft tube induction
hose is positioned in the draft tube slot by AScI/WES personnel prior to pump
start-up.

! Patrick C. Pierce and R. Scot Yarbrough, AScl Corporation, Trotter Shoals Research Facility,
Calhoun Falls, SC.
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Barge hookup. AScI/WES personnel will coordinate with the area engineer
to arrange a moratorium for barge hookup. Ideally, the barge is hooked up at
least 1 day before testing. Barge hookup requires 2 to 3 hr on the water and is an
important scheduling consideration.

During the barge hookup moratorium, ASc[/WES personnel will tow the
barge into position below the net. The upstream hydroacoustic system will be
shut down, and the beam-mounted transducer at Unit 5 will be swung out of
position to allow barge access to the hanging net. The net contractor will slightly
lower the net so that ASCI/WES personnel are able to access the net. AScI/WES
personnel will attach the outer large web net to the collection trough and secure
the barge to the net by means of the four large corner ropes on the net. The inner
liner is then pulled into the trough and secured. The barge is connected to three
anchor lines from the rear that hold the barge in position during deployment.
Two additional lines are run from the front corners of the barge to the water level
platforms on either side of the Unit 5 penstock. These lines secure the barge in a
storage position directly below the net, above the center of the Unit 5 penstock.

Net deployment. The net is deployed approximately 45 min before the
scheduled start-up time. AScI/WES personnel will coordinate via radio with the
net-handling contractor during start-up. The net-handling contractor will begin
lowering the net while AScI/WES personnel on the barge slowly maneuver the
barge away from the dam using the three rear anchor lines attached to the electric
windlasses on the rear of the barge. When the slide at the mouth of the net is
being lowered, the net-handling contractor and the UGA Co-op Unit will attach
the penstock induction hose to the frame inside the mouth of the net. Once the
net is completely deployed and the barge is correctly positioned, ASCI/WES
personnel will secure the barge, inspect the barge for safety, correct attachment,
and finally notify the test coordinator that they are in position for a pump start.

Fish deterrent systems and lights. At least 1 hr before pumping begins,
AScl/WES personnel will activate the ultrasonic fish deterrent system and verify
that the appropriate fish-attracting lights have been activated in the tailrace.

Pumping

Hydroacoustics. AScI/WES personnel will collect hydroacoustic data during
Unit 5 full recovery net tests following the procedures outlined in Chapter 14 of
this report. A pump data handling check sheet (see Appendix 14-1, Chapter 14)
is completed as described in Chapters 14 and 16 of this report.

Pump start. During pump start, AScl/WES personnel on the barge will use
the rear anchor lines to adjust the barge into the proper position and verify that
the net appears to be fishing properly. Once AScI/WES personnel have secured
the barge, they will notify the test coordinator that the UGA Co-op Unit is
cleared to attach their vessel to the rear of the barge. AScI/WES personnel will
assist the UGA Co-op Unit during attachment.
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Pumping. During pumping, AScCUWES personnel will monitor the perfor-
mance of the hydroacoustic system and the net. AScI/WES personnel will be
available to assist the UGA Co-op Unit with inductions or collection of fishes at
the barge as necessary. AScI/WES personnel will monitor conditions on the
barge and notify the test coordinator if unsafe or otherwise unfavorable condi-
tions develop. At their discretion, ASCUWES personnel may call for a shutdown
and/or barge evacuation if conditions become unsafe.

Fishing the net

Once all pumping units have been shut down, ASCI/'WES personnel will
coordinate with the net-handling contractor to retrieve the barge and net. While
the net-handling contractor raises the net back into the storage position,
ASCI/WES personnel on the barge will allow the barge to slowly move toward
the dam on the anchor lines. The front securing lines will be retrieved from the
dam and tied to the front of the barge to provide stabilization in the cross
currents, which typically develop shortly after pump shutdown. Once the net is
fully retrieved, all fish remaining in the collection trough will be transferred to
the UGA Co-op Unit for enumeration.

Post test

Hydroacoustic data. AScI/WES personnel will secure hydroacoustic data
and distribute as described in Chapter 16 of this report.

Barge and net. AScI/WES personnel will either secure the barge in a storage
position above the Unit 5 penstock or remove the barge and tow it out of the
forebay if no other testing is scheduled in the near future. AScI/WES personnel
will secure the beam-mounted Unit 5 upstream transducer, inspect the net for
damage, and coordinate with the area engineer’s office to make any necessary
repairs. All boats will be removed from the forebay and tailrace areas.

Chapter 6 Protocol for Unit 5 Full Recovery Net Pump Tests: Part 1
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7 Protocol for Unit 5 Full
Recovery Net Pump Tests:
Part 2

Introduction

The full recovery net is one of two methods used to estimate fish entrainment
during a pumpback operation (see Chapter 5, Protocol and Procedures for Slot
Net Pump Test (Fyke Net): Part 2, for the other type of pumpback netting). The
full recovery net covers the entire intake of Unit 5 in the forebay of RBR dam.
Although the net covers the entire unit, net efficiency is lower than for fyke net,
and the test is more labor intensive. The full recovery net filters fish from the
discharge plume and concentrates the fish at the recovery barge. Full recovery
netting provides real-time data since fish are collected continuously during the
test and can be visually examined to determine any injuries caused by turbine
passage. Mortality testing is also done in conjunction with full recovery tests
(see Chapter 9, Protocol for Fish Mortality Testing).

The net assembly comprises a frame, the net, and a collection barge. The
frame is attached to the dam on the forebay side and rides on a vertical track that
allows the net to be raised out of the water or be completely submerged.
Additional winches connected to jib booms allow the cod end of the net to be
raised sufficiently high so the net can be purged of fish at the conclusion of a
pumpback test. The net is approximately 36 ft wide by 94 ft deep at the dam and
4 ft wide by 4 ft deep at the barge. The total length of the net is approximately
185 ft from the dam to the barge. The cod end of the full recovery net connects
to the recovery barge, which contains a slotted recovery box to sieve the fish
from the water as they pass through the box.

! Mark A. Weiland, Georgia Cooperative Fisheries and Wildlife Research Unit, D. B. Warnell
School of Forest Resources, University of Georgia, Athens, GA.
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Objective
The objective is to determine species composition, length distribution, and

numbers of fishes passing through a turbine/pump unit (see also Chapter 9,
Protocol for Fish Mortality Testing).

Methods

Pretest inventory and setup

Prior to the test it is necessary to make sure the following list of equipment is
available and at the dam for the test.

* Large fish tubs.

¢ Gallon buckets.

» Life jackets.

¢ Hard hats.

e Data sheets.

« Calibration data sheets.
e Log book.

*  Measuring board.

+ Hanging scale.

* Balance scale.

» Dyes and scissors (at the dam).
* Frozen fish (at the dam).
s Oranges.

» Pontoon boat.

¢  Generators (2).

* Deep cycle batteries (2).
e Gas cans (2).

* Tool box.

Chapter 7 Protocol for Unit 5 Full Recovery Net Pump Tests: Part 2
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* Hand-held radios.
» Dip nets (2).
* Hanging nets (2).

UGA Co-op Unit workers will arrive at the dam at least 2 hr prior to the
scheduled beginning of the full recovery pumpback test for the safety meeting
and to set up the boats. Workers will also check to ensure that the induction
hoses on the draft tube deck are in place and that the induction hose on the
penstock deck is ready for lowering with the net if mortality testing is to be done
also. Fish will be thawed and marked with a clip and dyed for net calibration.
“Full Recovery” will be marked for the net calibration at the top of the
calibration data sheet. The start and end date for the test, who collected the data,
units operating during the test, and that Unit 5 was fished are entered. Species,
fish length, and marking will be recorded on the calibration data sheet
(Appendix 7-1, this chapter). After the test the exact start and end time for the
test will be received from the dam operator and written on the sheet. If more
than one page is needed for a test, a second data sheet will be used and page
numbers added to the sheets. “Test number” will be recorded on the data sheet
after it has been returned to UGA. Each test will receive a code and will be
recorded on all data for the test.

The induction hose on the penstock deck will be attached by a rope to the net
frame and lowered into the water with the net about one-half hour before the test
begins (see Chapter 12, Protocol for Induction Systems and Net Calibration).

During full recovery test

Upon clearance from the COE test coordinator, the pontoon boat will be
called into the forebay for attachment to the collection barge. The fish will be
collected from the watering trough, speciated, and length recorded on the data
sheet (Appendix 3-2, Chapter 3). Fish species and lengths will be recorded at
15-min intervals. If high entrainment occurs, fish will be subsampled and the
rest bulk weighed or counted. Date, unit number, hour, start time, end of hour,
quarter, quarter start, and quarter end time will also be recorded on the data sheet
(See Chapter 11, Protocol for Entrainment Monitoring Procedures, for a com-
plete description of recording at different entrainment levels). See Appendix 7-2
(this chapter) for an example of completed entrainment data sheets.

Within 30 min of start-up, 20 oranges will be inducted to determine if the net

is fishing properly and has opened up. The net is fishing properly if at least

15 oranges are recovered within 10 min of induction. These data are recorded on
the calibration data sheet. If 15 oranges are not recovered, the net is adjusted and
oranges are inducted again. Marked fish of at least one species will be inducted
during the test for net calibration. Inducted fish will be divided by species and
size group due to differences in net efficiency. Between 25 and 40 fish of at least
one species will be inducted (if large fish >6 in., 20-25). Fish will be inducted in
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standard length groups for all species (see Chapter 12, Protocol for Induction
Systems and Net Calibration). On the calibration data sheet (Appendix 7-1, this
chapter), the number of fish inducted, species, length range, mark and time
inducted will be recorded. See Appendix 7-1 (this chapter) for an example of
completed calibration data sheets.

Fish may also be inducted during the full recovery pumpback test as part of
mortality testing (see Chapter 9, Protocol for Fish Mortality Testing).

After unit shutdown

As the net is being pulled in, after unit shutdown, fish are collected from the
dewatering trough and the net. The data sheet is labeled “Purge,” and a default
number 9 is put in the hour column and 5 in the quarter column. Fish in the
purge are speciated, and lengths are recorded. Counts or bulk weights are
recorded if large numbers of species are entrained. Visual estimates of the
number of fish floating around the net in the forebay and the number of fish hung
in the net are recorded after the net has been raised.

Most species of entrained fish will be saved and frozen for use as marked fish
in later tests. Large fish (i.e., carp, striped bass, and hybrid bass ) will not be
saved since they will not pass through the induction system. Blueback herring
and threadfin shad will not be saved because they do not thaw well after being
frozen. Unless fish are saved for calibration purposes, fish will be placed at a
designated site specified by the RBR area engineer.

Post full recovery net testing

The pontoon boat will be detached from the collection barge so that it may
return to the Resource Management Office (RMO) ramp to be cleaned and
unloaded.

One draft tube trash rack will be raised to check for impinged fish. Impinged
fish will be removed from the trash rack by WES employees. The fish will be
speciated and measured by a UGA Co-op employee. These data are included in
the proper space on the calibration data sheet.

The number of fish entrained, by species, will be recorded on a data sheet
provided by the COE supervisor. Total entrainment numbers are provided by
species but are not divided by size group. If bulk weighing of the fish was done,
an estimate of entrainment will be provided. Exact start and end times are
received from the dam operator (Appendix 7-2, this chapter).

Data sheets will be returned to the Co-op Unit at the University of Georgia
following testing or will be faxed from Trotter Shoals Research Laboratory to
UGA within 12 hr of the test (original data sheets will be returned to UGA at the
soonest possible time and a cover sheet attached (Appendix 7-3, this chapter)).
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See Chapter 13, Protocol of Data Management for Netted Fish (Includes
Expansion), for analysis and distribution of collected data.
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Time: Start23900 Endo4/s
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Page  of [
Collected by: M-t U¢;/C‘h£pi'ﬁ‘lefﬂ-‘mw\ fa{

Test Number 95228 R%4.
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Appendix 7-1. Calibration data sheet
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8 Protocol for
Ichthyoplankton Sampling’

Introduction

Entrainment of ichthyoplankton may adversely affect certain fish populations
by adding an additional source of mortality to the early life stages of populations
when class strength is determined. Ichthyoplankton, or fish eggs and young fish
that have a discernable yolk sac, will be sampled in the RBR tailwater
immediately preceding a pumpback event and in water passing through draft
tubes during pumpback operation to estimate the number of ichthyoplanktons
entrained.

Objective

The purpose of this study is to estimate the number of ichthyoplanktons
entrained by sampling draft tubes during netted pumpback events or system
pumps.

Methods

To obtain a direct estimate of ichthyoplankton passing through turbines
during pumpback operation, ichthyoplankton will be sampled from piezometer
header pipes inside the dam (Figure 4). A known volume of water will be
sampled (approximately 25 gal/min) as it passes through the draft tube. Each
header pipe will be equipped with a shutoff valve, and flow from the two header
pipes will be combined and directed into a 243-pm net suspended on a movable
frame. The sampled portion of the draft tube water will be routed from the header
pipe into the ichthyoplankton net via a 2-in. flexible hose fitted with an in-line

! Mark A. Weiland, Brian Gregory, and Keith Taulbee, Georgia Cooperative Fisheries and
Wildlife Research Unit, D. B. Warnell School of Forest Resources, University of Georgia, Athens,
GA.
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flowmeter. Samples will be collected from each unit operating during pumpback
testing and, if sampled, during system pumps. One sample will be collected
from each operating unit, except for the unit being netted (pumpback), or a
randomly determined unit (system pump). For this unit, three subsamples of
equivalent time intervals will be taken over the course of the pump event.

Prior to each sampling event, UGA personnel will set up the sampling
apparatus and begin sampling immediately after pumping begins by opening
valves on header pipes. Sampling will continue for the duration of the pumping
event or until an adequate volume of water has been sampled. Pertinent test
information will be recorded on data sheets (Appendix 8-1, this chapter), and
samples will be preserved and returned to UGA for enumeration (Appendix 8-2,
this chapter). Ichthyoplankton densities for each sample will be calculated by
dividing numbers collected by the water volume that passed through the net.
Ichthyoplankton estimates for the total pump event will be obtained by
multiplying the total number of ichthyoplankton collected by the ratio of water
volume sampled to the total water volume passing through the turbines
(approximately 0.007 percent per turbine).

Chapter 8 Protocol for Ichthyoplankton Sampling

51




APPENDIX 8-1

ICHTHYOPLANKTON COLLECTION DATA
PIEZOMETER TUBE SAMPLING

DATE: WORKERS:

TURBINES IN OPERATION (CHECK ALL THAT APPLY):
5 6 7 8

REPLICATE STATION: NUMBER OF TESTS:

TEST # | UNIT # | REPL # | START | END TOTAL | FLOW | FLOW | TOTAL | RATE
TIME |TIME | MIN. MET. MET. | FLOW | (GAL/
START | END (GAL.) | MIN)

ADDITIONAL COMMENTS:

Appendix 8-1. Ichthyoplankton collection data piezometer tube sampling
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APPENDIX §-2
ICHTHYOPLANKTON LAB ANALYSIS
DATE OF TEST: LAB WORKER:
TEST NUMBER: DATE ANALYZED:
PERCENT OF SAMPLE ANALYZED:
UNIT# TYPE OF TEST: VOLUME
REPL. # PIEZOMETER TUBE FILTERED
TAILWATER TRAWL
ESTIMATE OF
TOTAL
SPECIES SIZE (mm) TALLY NUMBER SAMPLE
ADDITIONAL COMMENTS:

Figure 8-2. Ichthyoplankton lab analysis
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9 Protocol for Fish Mortality
Testing’

Introduction

Fish entrained during pumpback activity experience many conditions going
through the dam, ranging from pressure changes to actual contact with the tur-
bines. Mortality studies are employed to determine the effects of entrainment on
fish survival. Marked fish will be inducted into Unit 5 and recovered on the
upstream side of the unit; entrained fish will also be captured after unit passage.
The percentage of fish injured or killed will be adjusted by controls to compens-
ate for handling and induction effects. Fish mortality will be evaluated during
full recovery pumpback events (see Chapter 7, Protocol for Unit 5 Full Recovery
Net Pump Test: Part 2).

Objective

The objective is to estimate mortality of fish passing through the turbines
during pumpback operations at Richard B. Russell Dam.

Methods

Species and sizes tested

Mortality studies will be conducted during three periods from April-
September (April and May, June and July, August and September). Each species
and size group will be tested during the three periods if fish of the species and
size group are available. The species and size group to be tested are as follows:

! Mark A. Weiland, Georgia Cooperative Fisheries and Wildlife Research Unit, D. B. Warnell
School of Forest Resources, University of Georgia, Athens, GA.
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Blueback herring entrained all sizes

Bluegill 3-5in. and >6 in.
Ictalurid sp. 3-5in. and 26 in.
Morone sp. 3-6in. and >7 in.
Yellow perch 3-5 in. and >6 in. (if possible to obtain)

Study fish, except blueback herring, will be obtained and held onsite in
advance of mortality testing to allow for acclimation to holding conditions and
reduce hauling stress.

Tank setup and fish acclimation

Fish will be held in a partial recirculation system in an enclosed building near
the dam. Tanks will receive aeration from Sweetwater blower air pumps
attached to air stones in each tank, and water will be replaced with well water. A
biofilter system will remove waste and ammonia from the water.

Yellow perch will be collected by electroshocking from Richard B. Russell
and J. Strom Thurmond reservoirs. Bluegill, Ictalurid sp., and Morone sp. will
be obtained from a commercial dealer 2 to 4 days prior to testing. The fish will
be anesthetized, marked, and separated by experimental group 1 to 2 days prior
to the test.

Blueback herring will not be held prior to mortality testing. Only entrained
blueback herring will be used for mortality tests. Changes were made in light of
prior mortality tests. Blueback herring could not be held in tanks and kept in
good health. Also, a suitable marking technique was not found to mark these
fish. Mr. Ned Taft of Alden Research Laboratory, Inc., suggested this alternative
and confirmed the acceptance of the method.

Fish marking

Fin-clip marking will be used for all species of fish tested, excluding
blueback herring. Fish will be anesthetized prior to clipping, and each test group
will receive a distinct mark.

Experimental groups

Penstock inducted (PS) -- Marked fish will be inducted into the penstock
discharge plume inside the full recovery net and retrieved at the recovery barge.
At the recovery barge, the number of dead fish will be recorded (Appendix 9-1,
this chapter), and the remaining live fish will be transferred to holding tanks to
monitor delayed mortality. Possible causes of mortality in this group include
marking and handling (prior to induction), induction, contact with the recovery
net, handling at the recovery barge to the holding tanks, and confinement stress
in the holding tanks.
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Draft tube inducted (DT) -- Marked fish will be inducted into the draft tubes
during full recovery pumpback, pass through the turbines, and will be retrieved
at the collection barge. At the collection barge, the number of dead fish will be
recorded (Appendix 9-1, this chapter), and the remaining live fish will be
transferred into holding tanks to monitor delayed mortality. Possible causes of
mortality in this group include marking and handling (prior to induction),
induction, turbine entrainment, contact with the recovery net, handling at the
recovery barge to the holding tanks, and confinement stress in the holding tanks.

Control group 1 (C1) -- Unmarked fish will be held in tanks at the building.
Mortality from this group is assurmned to result from confinement stress in the
holding tanks.

Control group 2 (C2) -- Marked fish will be put in the holding tanks with the
inducted fish. Mortality from this group is assumed to result from marking and
handling or confinement stress in the holding tanks.

Entrained fish (ENT) -- Entrained fish collected at the recovery barge will be
recorded, and a subsample of the live fish will be transferred into holding tanks
to monitor delayed mortality. Possible causes of mortality in this group include
turbine entrainment, contact with the recovery net, handling at the recovery
barge, and confinement stress in the holding tanks.

Fish induction

Fish will be moved in transport tanks from the holding building to the dam
and inducted immediately. Fish will be inducted using a pressurized induction
system or through a trash pump.

Replication and sample size

For each night of mortality testing, three replicates of each treatment group
will be used for a given test species and size group. Survivors from each
treatment group will be held for a 48-hr observation period in holding tanks.
Groups of 60 fish will be inducted into the draft tube and 60 fish inducted into
the penstock plume. Thirty control fish will also be held with the recovered fish
from the induction treatments. The total number of fish used for a given ‘
species/size group in a mortality test will be approximately: i

3(60) DT + 3(60) PS +3(30) C1 +3(30) C2 =540

Entrained (ENT) fish will also be retrieved at the barge and held to estimate
mortality for each species. For blueback herring, entrained fish will be the only
group of fish sampled.
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Fish transport

Fish will be transported from the pretest holding facilities to the dam in fish
transport tanks in the bed of a pickup truck. Fish will be scooped from tanks at
the pretest holding facility only after the pumpback operation has started and
inducted oranges have shown the net is fishing properly. The fish will then be
transported to the designated induction site (see Chapter 12, Protocol for
Induction Systems and Net Calibration).

Holding tanks for test

Fiberglass fish transport tanks will be used for holding tanks during the tests.
Large tanks consist of two compartments (74 in. long by 18 in. wide by 24 in.
deep). Each side will hold one test replicate. Small tanks (24 in. long by 24 in.
wide by 19 in. deep) will each hold one test replicate. The tanks will be in boats
for easy transport between the collection barge and the RMO ramp. Each tank
section will be aerated. After replicates have been inducted and collected at the
barge, the tanks will be transported to the RMO ramp. The boat will be pulled
out of the water and trailered to the tank building, and fish will be transferred to
holding tanks for observation.

Testing sequence

C1 and C2 fish will be placed in holding tanks at the tank building on the
evening of the test. The first replicate of DT and PS fish will be inducted after
the pontoon boat is secured to the barge and the net is open and fishing properly.
The second replicate of DT and PS fish will be inducted at least one-half hour
after the first set of fish and so forth. The species being inducted and/or
entrained fish collected for testing will be recorded on a data sheet at the
collection barge (Appendix 9-1, this chapter). The species name, replicate
number, if entrained or inducted, collection start and end time, and number of
dead fish recovered will be recorded on this sheet. After the first hour of testing,
entrained fish will also be kept to monitor survival.

Observation period (48 hr)

For each replicate, all test fish of a given species/size group will be held in
one tank. Tanks will be monitored at 4- to 8-hr intervals for mortalities. Dead
fish will be removed, checked for marks, measured, and checked for damage.
The time at which the dead fish were removed will also be recorded on the data
sheet (Appendix 9-2, this chapter).

Entrained fish will be used to estimate percent mortality for mitigation
purposes. If a problem with entrained fish occurs, or enough fish are not
collected, estimates from inducted fish will be used. At least 10 fish and
30 blueback herring or threadfin shad must be collected to represent a replicate.
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Calculation of mortality effects

Each of the sources of mortality is assumed to be additive; therefore, the
following formulas will be used to calculate mortality effects:

a) EFFECT OF TURBINE PASSAGE = DT-PS

b) EFFECT OF HANDLING PRIOR TO TURBINE ENTRAINMENT =

DT-ENT

¢) EFFECT OF OVERALL HANDLING =PS - C1

d) EFFECT OF HANDLING AFTER TURBINE PASSAGE = (PS -Cl1) - (DT -

ENT)

Proposed schedule

This is a tentative schedule for mortality testing during Phase III. Changes
are possible due to problems getting the fish or health of the fish.

April
Blueback herring (entrained)
Morone sp. 3-6 in.
Morone sp. 27 in.
Yellow perch 3-5 in.
Yellow perch =6 in.

June
Blueback herring (entrained)
Morone sp. 3-6 in.
Morone sp. 27 in.
Yellow perch 3-5 in.
Yellow perch 26 in.

August
Blueback herring (entrained)
Morone sp. 3-6 in.
Morone sp. 27 in.
Yellow perch 3-5 in.
Yellow perch >6 in.

May

Blueback herring (entrained)
Bluegill 3-5 in.

Bluegill 26 in.

Catfish 3-5 in.

Catfish 26 in.

July

Blueback herring (entrained)
Bluegill 3-5 in.

Bluegill >6 in.

Catfish 3-5 in.

Catfish >6 in.

September

Blueback herring (entrained)
Bluegill 3-5 in.

Bluegill >6 in.

Catfish 3-5 in.

Catfish >6 in.

Mortality will be tested once a month; this schedule is subject to change.
Each species listed will be tested in its respective month. Test and control
groups will be tested for each species and entrained fish tested, also, except for
blueback herring where only entrained fish will be tested.
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Grouping for applying mortality rates

Mortality estimates for species tested will be applied to groups of species to
approximate mortality for other species entrained. As designated by the South
Carolina Department of Natural Resources, grouping of species will be as
follows:

Blueback herring (4-6 in.) will be applied to all size classes of blueback
herring, threadfin shad, and gizzard shad.

Bluegill (3-5 in.) will be applied to bluegill, warmouth, redbreast sunfish,
green sunfish, pumpkinseed, redear, white crappie, flier, and black crappie
<54 in.

Bluegill (=6 in.) will be applied to bluegill, warmouth, redbreast sunfish,
green sunfish, pumpkinseed, redear, white crappie, flier, and black crappie
>5.51n.

Ictalurid sp. (3-5 in.) will be applied to blue catfish, white catfish, yellow
bullhead, brown bullhead, flat bullhead, black bullhead, 